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Abstract 
In this research work pyrolysis characteristics of 1-propyronitrile imidazolium trifluoroacetate was studied using non-isothermal 
thermogravimetric analysis (TGA). Pyrolysis experiments were conducted in inert condition at three heating rates; 10, 20, and 30 
oC/min. The value of activation energy (Ea) and pre-exponential factor (A) were calculated by Kissinger–Akahira–Sunose (KAS) 
methods were  173.18 KJ/mol and 5.40×1016 s -1, while, the Ea and A calculated from Flyyn-Wall-Ozawa (FWO) and Starink 
methods were 172.48 KJ/mol and 173.44 KJ/mol, and 4.53×1016 s-1 and5.77×1016 s-1, respectively. The results presented that 
the values of kinetics parameters calculated by these three methods are in close agreement with each other.  
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICPEAM 2016. 
Keywords: Pyrolysis kinetics, ionic liquids, thermgarimetric analysis, activation energy, non-isothemal methods. 
1. Introduction 
Ionic liquis (ILs) are molten organic salts containing bulky anionic and organic/inorganic cationic species which 
are in liquid state at, or near, room temperature. The ILs are considered as potential solvents due to their high 
melting point, boiling point, thermal stability, negligible vapor pressure and recyclability [1, 2]. ILs are designable 
salts and can well turn by varying the cation, the anions or both.  The high thermal stability and low vapor pressure 
make ILs good alternate in comparison to hazardous, high vapor pressure and volatile organic solvents [3].  
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Cellulose which is the most profound biopolymer in the universe and has applications in membrane polymer, 
paints industries, chemical industries, paper, and fibers. However, the dissolution of cellulose due to dense packing 
and three-dimensional structure is not possible in common organic solvents and water [4]. The insolubility of 
cellulose makes their applications limited. To date, to make easier, the solubility of cellulose with various solvent 
systems has been developed such as LiCl–N,N-dimethylacetamide (DMAc) [5],N-methylmorpholine-N-oxid 
(NMMO) and LiClO4·3H2O [3, 6]. But these conventional solvents possess low vapor pressure, toxic, unstable or 
cause degradation of cellulose [7]. To overcome the above-mentioned problem, in 2002, ILs has been used for 
dissolution of cellulose. ILs having acetate anions such as 1-ethyl-3-methylimidazolium acetate and 1-butyl-3-
methylimidazolium acetate are considered as effective solvent for cellulose and biomass dissolution and 
pretreatment. However, dissolution of cellulose and biomass pretreatment require long time range from 2 h to 24 h 
and high temperature range from 120 oC to 180 oC [8, 9]. Thermal degradation of ILs will cause to reduce the 
efficiency of the process and also will cause generation of hazard products. ILs are considered as valuable and cost-
effective only when they are thermally stable and recycled to be used multi times. Hence, it is vital to find out the 
thermal properties of ILs before selection for desired application at desired temperature and period.   
Nowadays, thermogravimetric analysis (TGA) technique is used for determination of thermal stability and 
kinetics of ILs. TGA analysis of sample can be classified in two classes: (i) ‘temperature ramped’ or ‘scanning’ 
TGA experiment, which measures decrease in % weight of sample as function of temperature with a constant 
heating rate; (ii) ‘isothermal’ TGA experiments, which measured % weight loss of sample as a function of time, 
while the temperature of sample is maintain constant. Thermogravimetric analysis is a very useful and effective 
technique which provides quick quantitative methods for kinetics parameters measurement. Among these 
parameters, Ea and A are considered very dominating factors which gives significant information about the 
reactivity of wood [10-12].  
There has been a limited study on thermal properties and kinetics parameters of ILs using TG-DTG data. 
Therefore, the current research work is particularly focused on thermal properties and kinetic parameters of 
synthesized ionic liquids. In this work, we determine the pyrolysis kinetics for 1-Propyronitrile Imidazolium 
Trifluoroacetate IL by TGA technique at three different heating rates. Ea and A were determined by means of three 
different methods, namely Starink, FWO and KAS techniques. 
 
Nomenclature 
TGA                Thermogravimetric analysis 
DTG  Differential thermogravimetric  
Ea  Activation energy 
KAS  Kissinger-Akahira-Sunose  
FWO   Flyyn-wall-Ozawa 
NMR  Nclear magnetic resonance spectroscopy 
β   Heating rate,  
Tmax  Temperature of the peak 
α  Conversion factor 
A  pre-exponential factor 
R   Ideal gas constant 
 
2.  Material and methods 
2.1 Materials 
The chemicals such as methanol, acrylonitrile, imidazole, trifluoroacetic acid, diethyl ether, and ethyl acetate 
were purchased from Merck and used as such. 
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2.2       Synthesis of ionic liquid  
The IL was synthesized by dissolving imidazole (0.3 mol) in methanol in three neck flask. After complete 
dissolution of imidazole, 0.32 mol of the acrylonitrile was added drop wise. The reaction was continuously run for 
24 h under nitrogen gas flow. After completion of the reaction, the unreacted methanol and acrylonitrile were 
removed by vacuum rotary. The propyronitrile imidazole was then dissolved in acetonitrile and trifluoroacetic acid 
was added dropwise, the reaction was run for 24 hours. The final yellowish synthesized IL washed with diethyl ether 
and ethyl acetate. The synthesized IL was placed at 60 0C in vacuum oven at for 24 h to become dry. The structure 
of IL has been confirmed by NMR (Fig.1). 
 
 
 
 
 
 
    Fig. 1. Structure of 1-propyronitrileimidazolium trifluoroacetate 
 
2.3 TGA analysis 
Thermal behaviors and kinetics parameters of synthesized IL were determined by using thermogravimetric analyzer 
(Perkin Elmer, ASTA 6000). Pyrolysis was performed in temperature range of 50 oC to 500 oC at heating rate of 10, 
20 and 30 0C/min under N2 gas flow. 
2.4 Kinetic Study 
2.4.1 Kissinger–Akahira–Sunose (KAS) method 
This is non-isothermal model free method, widely used for calculation of kinetics parameters. The KAS 
method is considered as easy and mathematically expressed by the following equation; 
     (1) 
where β, A, α, R and g(α) are respectively the heating rate (oC.min-1), pre-exponential factor (s-1), conversion factor, 
ideal gas constant (8.314 J/mol.K), and function depending on decomposition factor. 
The value of Ea can be derived from the slope (-E/R) of regression line by plotting of ln(β/T2) versus 1/T  for given 
values of conversion (α). 
2.4.2 Flyyn-Wall-Ozawa method 
 Flyyn-Wall-Ozawa (FWO) method is simple and mathematically expressed as: 
 
   (2) 
 
In this method, the value of Ea  is measured from the slope (−1.052Ea/R) of linear plot of ln (β) vs. 1/TT [11]. 
N NH
CN
CF3COO
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2.4.3 Starink Method 
This is recent method [13, 14]  and mathematically expressed by using the following equation: 
    ሺ͵ሻ
Hence, the Ea can be measured from the slope (1.0008 Ea/R) of each line by plotting ln(β/T1.92) vs. 1/T.  
The pre-exponential factor (A) for IL was determined using the eq. 4 [15]: 
 
    (4) 
3. Result and discussion 
3.1. NMR analysis 
Spectroscopic data: 1H NMR (500 MHz, CH3OH): δ = 3.164-3.190 (t, 2H, NCH2CH2), 4.591-4.617 (t, 2H, t, 2H, 
NCH2CH2), 7.611 (s, 1H, NCHCHN), 7.735 (s, 1H, NCHCHN), 9.016 (s, NCHN). 
3.2. TGA analysis 
     To explore the impact of heating rate on thermal property and kinetics of IL, TGA and DTG analysis has been 
performed at three different heating rate of 10, 20, and 30 0C/min. Fig. 2 shows the % weight loss of IL with 
increased temperature from 50 oC to 550 oC at heating rates of 10, 20, and 30 oC/min. Thermal profile shows that 
there is no change in weight of IL with the increased of temperature until 169.50 oC.  The result illustrates that the 
thermal decomposition transfers from left to right side with the increase of heating rate. The same trend was 
observed for decomposition of 1-ethyl-3-methylimidazolium halides [16]. This higher thermal decomposition of IL 
at lower heating rate is due to the supply of heat to the sample for long period of time, therefore, the efficient 
decomposition of IL is accomplished at lower heating rate in comparison to high heating rate. The thermal 
decomposition of sample is determined from the onset temperature (Tonst) of TG curve or the peak temperature (Tmax) 
of DTG curve or also from onset temperature (Tonset) of DTG curves. The Tonset calculated for IL from DTG curve at 
10 oC/min is 194.17 oC, this temperature is lower than the Tmax (214.2 oC) of the DTG curve. The Tonset of the 
synthesized IL is closed to [C2C1im][CF3CO2] [9]. 
Fig. 3 illustrates the DTG profile for IL measured at three different heating rates. The Tmax recorded for IL at 10, 
20 and 30 oC/min are 214.9, 221.5 and 226.5 oC, respectively (Table 1). The result demonstrates that with the 
increase of heating rate from 10 oC/min to 30 oC/min, the Tmax shift towards right. This movement of DTG curve 
with the increase of heating rate from lower to higher temperature is assigned to the delayed degradation which 
dispenses more heat into the sample for a short interval of time. Anastasia et al. also observed the same trend for 
thermal decomposition of 1-ethyl-3-methylimidazolium bromide [16]. 
 
Table 1. Temperature (Tmax) for IL obtained at various rate of heating 
 
Heating rate (oC/min) Tmax (oC) Tonset (oC) 
10 214.2 194.2 
20 221.5 202.5 
30 226.5 206.0 
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Fig. 2. Weight loss curve of IL recorded at 10, 20 and 30 oC/min. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Weight loss rate curve of IL recorded at 10, 20 and 30 oC/min. 
3.3. Kinetic study 
The kinetic parameters (Ea and A) for thermal decomposition of IL were determined by applying KAS, Starink, 
and FWO model free techniques. In FWO method, the value of Ea can be measured from the slope of each lines by 
plotting ln (β) vs 1/T (Fig.4a). In KAS method, activation energy can be derived from the slope (-Ea/R) of regression 
lines by plotting ln (β/T2) against 1/T, (Fig. 4b). In Starink method, Ea can be determined from the slope of each 
liner plot of ln(β/T1.92) versus 1/T (Fig. 4c). The value of Ea calculated for IL using FWO, KAS and Starink methods 
are 172.48, 173.18 and 173.44 KJ.mol-1, respectively. The value of activation energy calculated for 1-Propyronitrile 
Imidazolium Trifluoroacetate is lower than the value of Ea of 1-butyl-3-methyl-imidazolium bromide (212.50 
KJ/mol) and higher than the value of Ea of 1-butyl-3-methyl-imidazolium chloride (129 KJ/mol) [3, 17]. Similarly, 
the value of A calculated for IL using FWO, KAS and Starink methods are 4.53×1016, 5.40×1016 and 5.77×1016 s-1, 
respectively. The results represented that all the three methods have good correlation and therefore successfully used 
for calculation of Ea and A of IL. The minor difference in the values of Ea and A is due the limitation of these 
methods or error during interpretation of data. 
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Fig. 4. Kinetic plot for  IL using (a) FWO (b) Kissinger and (c) Starink method. 
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Table 2. Activation energy (Ea) calculated for IL using FWO, KAS and Starink methods. 
 
4. Conclusions 
1-Propyronitrile imidazolium trifluoroacetate ionic liquid has been successfully synthesized, and the thermal 
behavior was studied using TGA. The fluoroacetate based ILs is stable up to temperature of 169.50 oC at  heating 
rate of 10 oC/min. Activation energy and pre-exponential factor have been determined by non-isothermal 
thermogravimetric measurement using FWO, KAS and Starink method. It can be concluded that the synthesized IL 
possess' high activation energy and therefore suitable to be used for cellulose dissolution and other industrial 
applications. 
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